Abstract: This study evaluated the effects of changing the composition of the pre-enrichment medium buffered peptone water (BPW) on the growth of stressed and unstressed Gram-negative foodborne pathogens in a one-broth enrichment strategy. BPW supplemented with an available iron source and sodium pyruvate, along with low levels of 8-hydroxyquinoline and sodium deoxycholate (BPW-S) improved the recovery of desiccated Cronobacter spp. from powdered infant formula. Growth of Salmonella and STEC was comparable in all BPW variants tested for different food matrices. In products with high levels of Gram-negative background flora (e.g. sprouts), the target organisms could not be reliably detected by PCR in any of the BPW variants tested unless the initial level exceeded 10(3) cfu/10 g of sprouts. Based on these results we suggest BPW-S for a one-broth enrichment strategy of stressed Gramnegative foodborne pathogens from dry products. However, a one-broth enrichment strategy based on BPW variants tested in this evaluation is not recommended for produce with a high level of Gram-negative background flora due to very high detection limits 
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This study evaluated the effects of changing the composition of the pre-enrichment medium 29 buffered peptone water (BPW) on the growth of stressed and unstressed Gram-negative 30 foodborne pathogens in a one-broth enrichment strategy. BPW supplemented with an 31 available iron source and sodium pyruvate, along with low levels of 8-hydroxyquinoline and 32 sodium deoxycholate (BPW-S) improved the recovery of desiccated Cronobacter spp. from 33 powdered infant formula. Growth of Salmonella and STEC was comparable in all BPW 34 variants tested for different food matrices. In products with high levels of Gram-negative 35 background flora (e.g. sprouts), the target organisms could not be reliably detected by PCR in 36
any of the BPW variants tested unless the initial level exceeded 10 3 cfu/10g of sprouts. 37
Based on these results we suggest BPW-S for a one-broth enrichment strategy of stressed 38
Gram-negative foodborne pathogens from dry products. However, a one-broth enrichment 39
strategy based on BPW variants tested in this evaluation is not recommended for produce 40 with a high level of Gram-negative background flora due to very high detection limits. 41
Introduction 50
Key to the reliability of all methods for the detection of Gram-negative foodborne pathogens 51 (e.g Salmonella, Cronobacter and Shigatoxin-producing E. coli) is the capability to recover 52 low numbers of stressed cells from any kind of food matrix to a detectable level. These 53 methods usually consist of three consecutive steps. The pre-enrichment step, that is common 54 to most current detection methodologies (cultural, molecular and immunological), aims at the 55 resuscitation/ recovery of cells in a non-selective medium such as buffered peptone water 56 (BPW). The second step, a selective enrichment, should promote growth of the recovered 57 target bacteria. The last step, the actual detection of the pathogen can be accomplished with 58 either cultural or molecular methods. 59
Gram-negative foodborne pathogens are usually present in relatively low numbers, sometimes 60 accompanied by a high number of closely related competitor organisms (Baylis et al., 2000) . 61
In addition, cells may be sub lethally injured by food processing or intrinsic factors of the 62 food matrix (Edel and Kampelmacher, 1973) . The purpose of the pre-enrichment step is to 63 allow stressed target microorganisms to resuscitate and grow in either a non-selective or 64 moderately selective environment. At this stage, the target organisms can be overgrown by 65 the background flora in the food product due to absent selectivity of the medium, which can 66 lead to false negative results. 67
The selective enrichment should promote growth of the recovered target bacteria. The 68 necessity of applying a selective enrichment will mostly depend on the characteristics of the 69 food product, particularly on its microbial flora. In products with a high number of competing 70 organisms, in which the target bacteria are likely to be stressed, both a non-selective and 71 selective enrichment step will be necessary. For products with low levels of background 72 flora, a one-broth enrichment strategy in an unselective enrichment broth can be sufficient. 73
Since the pre-enrichment and selective enrichment step are the main time limiting factors in 74 regards to turn around time for rapid methods (Baylis et al., 2000) , a moderately selective 75 one-broth enrichment strategy can decrease the total time until results are available. 76
The success of the pre-enrichment step is however not only depending on the food product 77 but also on the quality of the medium. Preliminary work has shown that there are some 78 
Application of desiccation stress 151
In food matrices with a low a w , pathogens are expected to have encountered desiccation 152 stress. To achieve a more realistic scenario, cells used for spiking were desiccation stressed 153 before inoculation. 154
The STEC K124 and 33, Cronobacter spp. E615 and E776, S. enterica N10 1905 and N472 155 962 strains were grown separately overnight in 30 ml BHI (Oxoid) at 37°C. After 156 centrifugation for 12 min at 4000 rpm and the supernatant was discarded. The inside of the 157 tube was dried with a sterile cotton swab. Small amounts of sterile CaCO 3 (Sigma-Aldrich) 158
were added to the pellet and mixed vigorously with a spatula until homogenously distributed. inoculated with low levels of the target strain (aiming at 10 1 cfu in 100 ml) and incubated for 176 18±2 h at 37°C. For spiking with cells without application of stress (for minced beef and 177 sprouts), an overnight culture grown in BHI was diluted to the desired concentration and 178 added to the diluted matrix. In the case of milk powder, oat flakes and PIF, the target strains 179 were desiccation stressed before inoculation, using the protocol described in 2.4. Skimmed 180 milk powder was inoculated with Salmonella, oat flakes were inoculated with STEC and 181 The MPN concentrations (log cfu/ml) after rehydration and incubation for the tested strains 219 using the three enrichment media are shown in Figure 1 . Salmonella strains were recovered to 220 values reaching from 0.5 log MPN to 4.6 log MPN. The mean MPN counts were 3.6± 1.2, 221 3.7± 1.3 and 3.4± 1.3 in BPW, BPW-S and 6xBPW, respectively. Desiccated Salmonella 222 strains did not show great variation in regards to the different media. Two strains remained at 223 low cfu levels after rehydration and incubation, which indicates that growth after desiccation 224 was more strain than media dependent. Desiccated STEC strains were recovered to highest 225 concentrations in BPW (mean MPN count 4.1± 0.2), showing little strain variation. The mean 226 concentrations in BPW-S and 3xBPW were up to 2.0 log MPN and 0.6 log MPN lower, 227
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respectively. There was no statistical significant difference between the media (P= 0.87).
Highest concentrations for Cronobacter strains were recorded in BPW-S (mean MPN count 229 2.5± 0.7) and 6xBPW (mean MPN count 3.3± 0.9) (P= 0.06). However, strain variability 230 resulted in differences in counts of up to 2.5 log MPN. The strains showed least resuscitation 231 in BPW (mean MPN count 3.2± 0.5). 232
The positive effect of the combined supplementation of BPW with an iron source, sodium 233 pyruvate and sodium deoxycholate on stressed Enterobacteriaceae was already described by 234 The maximum population density for each matrix with standard deviation is shown in Figure  259 2. All food matrices were inoculated with two strains of the same species and the experiments 260 were performed in triplicate. In one experiment, one food product was spiked with one strain 261 and diluted with all tested media. The spiking inoculum was identical for one experiment. 262 However, spiking levels between different replicates can differ which is the main reason for 263 the high standard deviation in some cases. When PIF was spiked with low levels of 264 desiccation stressed Cronobacter, highest counts were seen in BPW-S in all experiments. 265 Levels in the other enrichment media were on average 1 log cfu/ml lower than in BPW-S. Cronobacter spp. strains. They also showed that isolation from other naturally contaminated 270 samples of different origin was enhanced 271
For skimmed milk powder, Salmonella strain N472 962 grew to 9 log cfu/ml in all 272 enrichment media. Variation was small in this case (mean standard deviation= 0.5). Strain 273 N10 905 grew to lower counts in all media and experiments were yielding higher standard 274 deviations (mean standard deviation= 1.3). 275 STEC strains 33 and K124 spiked into cereals grew to 9 log cfu/ml, independent of the 276 enrichment medium. In contrast to the desiccation experiments (see 3.1.), both STEC strains 277 grew to same concentration in BPW and BPW-S. When S. enterica was spiked into cereals,growth of the target bacteria again was lower in 6xBPW and 6xBPW-S than in BPW and 279 BPW-S with high standard deviation. 280
Minced meat was spiked with low levels of unstressed bacteria. STEC strain 33 grew to levels 281 of 8 log cfu/ml to 10 log cfu/ml in BPW-S, 6xBPW and 6xBPW-S. Values in BPW were up 282 to 2 log cfu/ml lower. Minced meat was also spiked with S. enterica. For both strains, all four 283 media showed the same maximum population density. 284
The general outcome of the matrix experiments is that both Salmonella and STEC strains 285 (with the exemption of K124) did grow to comparable concentrations in all four enrichment 286 media independent of the matrix. This indicates that the food matrix balances the effects of 287 the media supplements, both positive and negative. The results also show that in the matrices 288 tested, Salmonella, STEC and Cronobacter spp. can be isolated with a one-broth strategy with 289 BPW-S. In food products in which one or more of these three targets have to be tested, one 290 enrichment could be sufficient and omission of a selective enrichment allows time saving. 291 6xBPW was included in the study because previous experimental work showed that increased 292 buffering capacity enhanced recovery of desiccated cells from products with a high number of 293 lactic acid producing bacteria (e.g. probiotic culture powders) (data not published). We did 294 not find, as expected, an additional benefit in the use of this medium for the products 295 described here. 296 297 3.3. Growth in food matrices 298
The growth of both the pathogens and the background flora was determined in BPW and 299 BPW-S. PH in the enrichment was recorded. All food matrices were inoculated with low 300 levels of the target organism. 301
The target bacteria and the background flora reached approximately the same final 302 concentration after 24 h for PIF, milk powder, oat flakes and minced meat (Figure 3 ). For PIF 303 and oat flakes the levels of the background flora was 1 log cfu/ml lower in BPW-S than inBPW throughout the incubation period. These are the products, which have a mainly Gram-305 positive flora. In PIF, the final number of Cronobacter was over 1 log higher in BPW-S. In 306 the other food matrices, there was no obvious difference between the enrichment media in the 307 growth of the selected pathogens. In PIF, oat flakes and minced meat the target organisms 308 reached their final value after 15 h. In milk powder it took 20 h until Salmonella reached the 309 maximum numbers. 310
Sprouts were spiked with a higher number of Salmonella to enable detection of the target 311 bacteria after the incubation period. It is remarkable that starting from 0 h of incubation, the 312 counts of the background flora are at least 3 log cfu/ml steps higher throughout the 313 enrichment period. 314
Background flora counts in sprouts were very high and values of 7 to 8 log cfu/g in sprouts 315
have already been published by other researches (Jinneman et al., 2012) . In contrast to the 316 other matrices used in this study, the background flora of sprouts is mainly composed of 317
Gram-negative organisms and therefore the inhibiting agents in the BPW variants are not 318 effective because they were selected to supress the Gram-positive flora. Inhibiting effects of 319 the background flora on pathogens like E. coli O157 and Salmonella have been described 320 previously (Vold et al., 2000 , Duffy et al., 1999 ). An approach explaining this behaviour is 321 the Jameson-effect. According to this model, two species compete for the resources in the 322 environment during their growth. Growth of both populations stops when the resources are 323 depleted or when metabolic products inhibiting growth have accumulated (Cornu et al., 324 2011) . It is possible that this model also applies in sprouts. However, since growth in our 325 experiments was only determined up to 24 h, the growth behaviour of Salmonella after this 326 time is not known. 327
In the enrichment of dry food products, pH values remained relatively stable. Only in milk 328 powder did the pH in BPW-S decrease to 5.8. BPW with increased buffer concentration did 329 not completely prevent pH decline but usually kept the pH about 1 point higher. However, pHdecrease did in none of the products reach a level that would inhibit growth of the target 331 bacteria. 332 333 3.4. Detection limit in sprouts 334
Since the above-mentioned experiments indicated that low levels of Salmonella and STEC 335 spiked into sprouts could not be recovered, the inoculation level was increased and 336 enrichments were additionally tested with real-time PCR for the presence of the pathogens. 337
These results are summarized in Table 2 . Salmonella could not be detected by real-time PCR, 338 when sprouts were inoculated with only 10 cfu. However, Salmonella counts were 10 4 -10 5 339 cfu/ml, which indicates that there was growth of S. enterica during the enrichment. 340
At an inoculation level of 10 2 cfu, PCR results for Salmonella were only positive in 6xBPW. 341
At an inoculation level of 10 3 cfu, Salmonella was detected with PCR from BPW and 6xBPW 342 and cultural isolation yielded a minimal value of 1.0x10 5 cfu/ml. Nevertheless, levels of 4.0x 343 10 5 cfu/ml of Salmonella in BPW-S were not detected in the PCR, even though the test 344 protocol included an immunomagnetic separation step. Hence, at an inoculation level of 10 3 345 cfu (levels of ≥10 5 cfu/ml after the enrichment step), Salmonella could not be consistently 346 detected. This, however, seems not to be due to the different enrichment broths which were 347 evaluated. The high number of accompanying flora and the dilution steps which are applied in 348 the PCR (only small volumes are used) are the reasons for a high detection limit, which seems 349 to be between 10 5 and 10 6 cfu/ml after the enrichment step. temperatures. However, they also reported non-isolation of the target organism on certain
